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Introduction
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• Propylene oxide is an important chemical intermediate
• All current industrial processes for synthesizing propylene oxide:
• Liquid phase
• Occur in multiple steps
• Either wasteful, harmful to environment, inefficient, or expensive
• Single step, gas-phase epoxidation of propylene can be catalyzed
• More efficient
• Environmentally friendly
• Copper is an inexpensive, earth abundant option for catalyst
• Shows higher selectivity than silver and higher activity than gold
• The purpose of this research was to test the effects of several
conditions on the performance of copper catalysts for propylene
epoxidation

Catalyst Design and Synthesis
• The catalyst was designed to be 5 wt% Cu on SiO2
• Incipient wetness impregnation (IWI) was used to prepare the
catalyst
• After IWI, the catalyst was dried in a furnace for 10 hours at 120 oC
• The catalyst was calcined for 4 hours at 320 oC in air at 50 sccm
• The catalyst was sieved to 180-250 μm grain size
• The catalyst was reduced for 1 hour in 5% H2 in Ar at 300 oC

XRD
• XRD data was retrieved from the catalyst before and after reaction
• This was done as a way to characterize the species present in the
catalyst
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Figure 1: A) Shows the XRD machine
used to obtain data. B) Depicts the
XRD data obtained from the reduced
catalyst before reaction. C) Depicts
the XRD data obtained after the
catalyst was used in the reaction.
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Figure 2: A) Shows the catalyst testing system used for determining catalytic
performance. B) – D) Displays the CO2 selectivity, conversion, and PO selectivity for
each testing condition, respectively.

• CO2 production increases with temperature, though at a slower rate
when doubling the ratio of propylene to oxygen
• Conversion increases with temperature
• Conversion for 20 sccm is also greater than conversion for 50 sccm
• PO selectivity decreases as temperature increases
• PO selectivity for 50 sccm is greater than with 20 sccm, but
conversion for 50 sccm is still too low
• Adding hydrogen slightly improves PO selectivity
• Doubling the ratio of propylene to oxygen increase PO selectivity

Conclusions
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• The products of reaction were analyzed using gas chromatography
• The major observable products were propylene oxide (PO), CO2,
acrolein, ethanal, and acetone
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Conversion

2CH3CH2=CH2 + O2
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• The XRD peaks for the catalyst before reaction are consistent with
Cu0, indicating that the copper species in the catalyst was completely
reduced by H2
• The XRD peaks for the catalyst after reaction appear to be a mixture
of Cu2O and CuO, indicating that the copper species in the catalyst
was mostly oxidized during reaction

Catalyst Testing Conditions
• The catalyst was tested at the following conditions on a range of 220
oC to 300 oC
• 5% O2, 5% C3H6, balanced in Ar at a flow rate of 50 sccm
• 5% O2, 5% C3H6, balanced in Ar at a flow rate of 20 sccm
• 5% O2, 5% C3H6, 5% H2, balanced in Ar at a flow rate of 20 sccm
• 5% O2, 10% C3H6, balanced in Ar at a flow rate of 20 sccm

• A greater flow rate may lead to a slightly higher PO selectivity, but it
also leads to very low conversions
• While hydrogen may not take part in the reaction itself, adding
hydrogen during reaction appears to improve catalytic performance
• Excess oxygen favors complete combustion of propylene, but a more
stoichiometric ratio of propylene to oxygen favors partial oxidation of
propylene
• Copper alone is not very effective for catalyzing the epoxidation of
propylene

Future Work
• Explore the effect of the following on catalyst performance:
• Copper loading
• Calcination temperature
• Particle size
• Determine the kinetics of the reaction
• Begin designing and synthesizing bimetallic catalyst involving copper
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